Dust Suppression of Phosphate Rock: Storage, Conveyance and Shipping  by Chan, Joseph et al.
 Procedia Engineering  46 ( 2012 )  213 – 219 
1877-7058 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Scientifi c Committee of SYMPHOS 2011
doi: 10.1016/j.proeng.2012.09.467 
1st International Symposium on Innovation and Technology in the Phosphate Industry 
[SYMPHOS 2011] 
Dust Suppression of Phosphate Rock: Storage, Conveyance and 
Shipping 
Joseph Chan B.Sc.a, Jeffrey Cooke Ph.D *, Tibor Horvath M.Sc. and Sarah Aziz B.Sc. 
IPAC Chemicals Ltd. 1620 West 75th Street, Vancouver, BC V6P 6G2 Canada 
Abstract 
During the processing of phosphate ores one is continually faced with the potential of dust generation.  Without proper treatment and 
precautions, dust generation can cause health (air quality) issues, pollution/contamination issues, and fire and explosion hazards. 
A series of dust control additives were evaluated for their efficacy on phosphate ores using the following criteria: 
• Conveyance and transloading/shipping simulation:   
• Storage simulation:   
• Wetting ability:   
• Persistence 
This paper will discuss the results of the above testing, and also provide insight on how to use these laboratory results to provide efficient, 
effective dust control in real-world applications. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Selection and /or 
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1. Introduction 
As environmental and safety concerns continue to rise to the forefront, it is becoming increasingly important to monitor 
and reduce the impact that industrial operations have on both the health of workers and the integrity of the surrounding area.  
In many heavy industries, such as mining, dust generation is coming under higher scrutiny as concern as regulations 
regarding emissions, air quality and pollution become more stringent, and the public becomes more aware and more 
sensitive to the potential impact industry has on the environment. 
During the extraction and processing of phosphate ores one is continually faced with the potential of dust generation.  
Without proper treatment and precautions, dust generation can cause health (air quality) issues, pollution/contamination 
issues, and loss of product. With other processed materials, such as coal or sulphur, there is the additional potential fire or 
explosion hazard. Figure 1 shows actual conveyor tunnels where there is no dust (left) and high levels of dust (right). 
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Figure 1:  Virtually no dust (left) and poor dust control (right) in a mineral ore conveyor tunnel. 
In order to effectively develop dust control measures for source emissions, it is imperative to understand as fully as 
possible 1) the mechanisms of generation of the dust, 2) the variables which control the mechanism, and 3) the limits on the 
nature of the dust control to be used.  In a bulk mining operation such as phosphate ore, lack of understanding of these 
factors can have greater impact than other areas, due simply to the very large scale these operations work under. 
Dust control measures utilize one or both of two general principles:  prevention and collection/elimination.  Dust 
prevention measures do not allow dust to form at all; they generally involve controlled, precise dosing of active chemical 
agents that agglomerate the fine particles either with each other, or with larger particles.  Dust preventatives must strike a 
balance between providing effective dust prevention (which will often involve adhesion and agglomeration of fine particles) 
and maintaining the original flow characteristics of the substrate material. 
Collection/Elimination measures, on the other hand, react to airborne dust to remove it after it is airborne.  There are two 
general forms of reactive systems:  knock-down and filtration.  Knock-down systems may involve water curtains, fogs, or 
other large-scale approaches to wetting airborne dust.  The water (often containing additives to increase performance) wets 
the particle, weighs it down and thus allows it to settle out of the air much more rapidly than it would otherwise.  The water 
may allow agglomeration of particles in air which enhances the rate of settling.  In order to achieve complete or nearly 
complete dust removal, there must be a high concentration of dust suppressant particles in the air relative to the amount of 
dust particles.  Water curtain and fog systems can be quite effective if they are properly installed, maintained and utilized, 
but may use.  Disadvantages are often very high water use rate and sensitivity to wind and other environmental conditions.  
Water fogs are rarely used in below freezing climates. 
Filtration systems actively remove the dust particles from the air by collecting the dust-containing ambient air and 
physically removing the dust particles, either in a centrally located baghouse or filter stations located as-needed throughout 
a facility.  There is a tremendous variety of filter configurations and types that can be implemented, and most are quite 
efficient when installed correctly in appropriate situations.  Filtration systems are less effective in open areas, outdoors, or 
when air flow cannot be properly controlled, and often require significant ducting and high powered blowers.  Air filtration 
systems provide only point-of-action dust reduction, and do not provide any residual or long lasting dust reduction. 
Preventative measures aim to eliminate the potential for dust to form, therefore precluding the need for a system to 
remove it from the air.  Dust preventatives are typically applied directly on the substrate, in order to accomplish three 
things: 
• Agglomeration of fines already present in the substrate, or adhesion of fines to larger particles 
• Prevention or reduction of fines formation 
• Capture (through agglomeration) of fines as they are generated during processing 
Application is achieved through the use of pressurized spray systems, with nozzle, pump, and metering arrangements 
engineered specifically for the combination of substrate and process where dust is to be eliminated. 
In this paper the methods used for developing and testing efficient dust control prevention systems for conveyed, stored, 
and shipped phosphate rock will be described.  
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2. Discussion 
There are three main methods, which can be used to form the basis for predicting the performance of a developmental 
dust preventative product: 
• Determination of wetting speed 
• Resistance to impact dust generation 
• Resistance to windblown dust generation 
The first requirement for effective dust control prevention is superior wetting of the product on the substrate - rapid, 
complete wetting is critical to ensure that all substrate is treated with a minimum of dust control product.  Incomplete 
wetting allows substrate to pass the application point untreated, contributing to inefficient dust suppression.  As important as 
the degree to which the product wets the substrate is the speed of the wetting, and the extent to which the product is able to 
penetrate into the mass of substrate and wet out the underlying layers. 
Wetting can be quantified by simply measuring the time which it takes a drop of test dust suppressant to completely wet 
the surface of test substrate, so that there is no bulk liquid remaining visible.  This test is very repeatable, very rapid, and is 
extremely valuable in the initial stages of dust control product formulation and screening.  Figure 2 shows the tremendous 
difference one observes in the degree of wetting on ground phosphate ore that can be achieved with proper product 
formulation.  Water, without performance additives, is often remarkably poor at wetting and penetrating a high surface area 
ground substrate.  However, with the addition of the proper wetting, spreading and penetrating surfactants it is possible to 
achieve virtually instantaneous, complete saturation of the substrate with the dust suppression agent.  These surfactant and 
other additives are not generally applicable; rather, each substrate whether it is phosphate ore, sulphur, coal, or mineral ores 
will have an ideal formulation composition. 
Figure 2:  Incomplete wetting (left) and complete wetting and penetration (right) of a test dust control product on ground phosphate ore. 
Often, for optimal application by spray or for cost considerations, a dust suppression product requires dilution with 
water.  Thus, for maximum utility a dust control agent should perform over a wide range of water dilution ratios, depending 
on the requirements of the operation, and the availability of water.  In high altitudes or cold climates with temperature 
significantly below freezing, water dilution may not be an option, so it is important that the dust control product also 
perform without dilution and be tested to resist freezing under the conditions of the application.   
Figure 3  graphically illustrates the process by which wetting can be optimized, in this case for high performance at both 
low and high dilutions.  Test product A exhibited good high dilution performance (low wetting time, but relatively poor 
performance undiluted (neat).  As the product was optimized from Test B to Test C, undiluted performance was increased, 
while higher dilution performance was maintained.  
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Figure 3:  Typical wetting time changes of test samples (A, B, C) as dilution ratio is increased
In conjunction with wetting time, it is very important to be able to simulate conveyor belt transfer, ship loading or 
unloading, or storage and reclaim activities.  As the substrate falls, for example, from one conveyor belt to another at a 
transfer point, fines that are already in the mixture can be released; in addition, new fines can be generated if the substrate is 
friable, or the impact energy is sufficiently large.  Laboratory testing must simulate this condition if performance is to be 
suitably predicted prior to full scale trial testing.  Impact dust generation in the lab is made possible through the use of a 
chute and deflector/baffle apparatus that simulates these conditions, and can accurately predict dust suppression product 
performance. 
The design of the test apparatus is shown in Figure 4.  The test material is loaded into the hopper in the top, and allowed 
to fall through the chute, impacting successively on deflectors as it falls.  At the same time, air is forced by a blower in a 
countercurrent direction to the fall of the material, sweeping any generated dust out the top of the chute apparatus and onto a 
filter.  The dust generated in each test run can thus be measured, and comparative efficacies of prospective dust suppression 
products determined.  The test is necessarily severe; if large particle sizes are used (>100 microns), an effective dust 
suppression may eliminate 90-100% of the dust generated in the apparatus.  However, if smaller particle sizes are used (<40 
microns), often a high performance dust preventative will only be able to reduce the dust generated by the apparatus on the 
order of 30% compared to control (no suppression additive).  The test is clearly severe; these levels have been correlated 
with excellent dust control in the field.  
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Figure 4:  Schematic of dust chute apparatus for quantitatively determining efficacy of dust suppressants. 
Test results from the development of sulphur and phosphate ore dust suppressant products are given in Figure 5.  The 
substrate in each case was finely ground. 
Figure 5:  Performance of dust suppressants on phosphate ore and sulphur fines in the falling dust chute apparatus. 
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In the case of sulphur, the dust suppression reached 30% suppression at <60 ppm added product.  For phosphate ore, the 
amount of dust suppression product needed was slightly more, achieving suitable suppression at about 200 ppm. Experience 
with this equipment has shown that dust suppression at this level in the lab can translate into dust suppression of >90% in 
the field. 
Dust control of stockpiled products often requires quite a different approach than that of conveyed, shipped, stored or 
reclaimed product.  Non-chemical means of dust suppression are often cumbersome, expensive or impractical, and include 
such methods as tarping, indoor storage, windbreaks or temporary structures.  The most effective outdoor method for 
preventing wind pickup and dust generation from stockpiled product is to coat the surface of the pile with a protective crust.  
It is possible to directly test the performance of crust-making product in the lab through the use of a wind tunnel, as shown 
in Figure 6.  This is the third method of determining the performance of dust control agents in the lab. 
Figure 6:  Wind tunnel test equipment for dust suppression testing of stockpiled products. 
To prepare a specimen for wind tunnel testing, a known amount of the crust-forming material is sprayed on a small, 
accurately weighed pile of substrate.  The pile is then dried, subjected to simulated sun and/or rain, and then placed in the 
wind tunnel apparatus.  Wind is generated at known speeds (directly measured by an anemometer), and the loss of substrate 
from the pile is determined.  This determination may consist of simple gravimetric loss of material from the pile, or by more 
elaborate methods, for example by using tack mats and downstream air filters to capture lost material.  Further analysis can 
included chemical composition or particle size determinations. 
In development of a crust-style dust suppressant, proper substrate wetting is also extremely important.  Poor wetting can 
result in a discontinuous crust, which can then consequently cause poor performance in resisting wind-blown dust 
generation.  The difference that wetting makes upon the performance of a crust-generating dust suppressant is often 
dramatic.  Figure 7  shows how a poorly wetting crust-forming dust suppressant performs in the wind tunnel test apparatus.  
Clearly visible are the bare, untreated sections of the substrate pile where the dust suppressant product has not wet, and then 
the loss of material through the gaps in the crust from the wind tunnel testing after the product has dried and set.  Figure 8 
depicts how a thoroughly wetting properly formulated product performs – there is essentially no difference in appearance of 
the substrate before testing and after, and no loss of product upon testing in the wind tunnel.   
Once the laboratory product development of a dust suppressant is completed, there is still a critical phase of the overall 
product development that must be completed in order for success in the field.  Engineering development of the application 
equipment generally encompasses six parameters that must be taken into account to ensure proper delivery of the product 
onto the substrate in the commercial treatment: 
• Product viscosity 
• Ambient temperature (high, low) 
• Dose rate 
• Application nozzle configuration and type 
• Substrate bulk characteristics 
 While not in the scope of this paper, improper or incomplete accounting of these parameters can severely limit the 
effectiveness of even the most thoroughly tested dust suppressant. 
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Figure 7:  Poor wetting of improperly formulated crust-forming dust suppressant before (left) and after (right) wind tunnel testing.
Figure 8:  Excellent wetting of ideally formulated crust-forming dust suppressant before (left) and after (right) wind tunnel testing. 
3. Conclusions 
Dust suppression in the phosphate mining industry is of critical importance, and the proper selection of dust suppressant, 
combined with application engineering specific to the particular location conditions can provide dramatic improvements in 
plant dust levels.  Reduction of dust can improve worker safety and comfort, and reduce or eliminate local resident 
complaints, product loss, pollution/contamination issues, and other negative consequences.   
Dust suppressants themselves, through the use of specific laboratory techniques and equipment, can be efficiently and 
effectively tested in the lab prior to field trials and testing, minimizing expense and decreasing product cycle times.  
Laboratory methods are available that can accurately and reproducibly provide results from which real-world results can be 
readily predicted 
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